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ABSTRACT

This study was designed to explore the significance of the sphenooccipital synchondrosis in cranial base and craniofacial development.
Premature fusion of the spheno-occipital synchondrosis in the
guinea pig was induced by placing a wire staple in the cranial base
across the synchondrosis.

One end of the staple was placed in the

basi-occipital bone and the other end in the basi-sphenoid bone.
Results of this early closure showed marked changes in cranio
facial morphology.

The entire cranium anterior to the auditory bullae

dropped down in relation to the axial skeleton.

The cranial base

from basion to the intersphenoidal synchondrosis was markedly shortened.

The anterior end of the occlusal plane appeared to rotate in an upward
direction.

Premature closure of the spheno-occipital synchondrosis did

decidedly affect the growth pattern of the craniofacial complex.

LOMA LINDA UNIVERSITY
Graduate School

INDUCED EARLY CLOSURE OF THE SPHENO-OCCIPITAL SYNCHONDROSIS
IN THE GUINEA PIG

Arthur A. Ewert

A Thesis in Partial Fulfillment

of the Requirements for the Degree of
Master of Science in the Field of Orthodontics

May 1970

Each person whose signature appears below certifies that he has
read this thesis and that in his opinion it is adequate, in
scope and quality, as a thesis for the degree of Master of
Science.

\ \ r

^1 ^

.^

M

{ - 1

/

Roland D. Walters, Acting Chairman
Department of Orthodontics

Lee Er~-Gisen
Instructor in Orthodontics

-/7-:
Walter L. Stilson

Professor of Radiology

Edwin M. Collins, Assistant Dean
School of Dentistry

Advisor

ACKNOWLEDGEMENTS

It is with sincere appreciation that the author cites the efforts
of the following people;
To Doctor Roland Walters, Acting Chairman of the Department of

Orthodontics, for his suggestion of research in the chosen subject
and for his continued assistance and guidance.
To Doctor Lee Olsen for his worthwhile suggestions and invaluable

aid in preparation of the manuscript.
To the Audiovisual Department of Loma Linda University for the
photography.
To the library staff at Loma Linda University for their patient
and willing help in securing references.

TABLE OF CONTENTS

CHAPTER

I.

II.

III.

INTRODUCTION

REVIEW OF THE LITERATURE
A.

Cranial Sutural Growth

B.

Growth of the Cranial Base

C.

The Spheno-occipital Synchondrosis

D.

Control of Bone Growth

METHODS AND MATERIALS

IV.

FINDINGS AND DISCUSSION

V.

SUMMARY AND CONCLUSIONS

LITERATURE CITED

LIST OF TABLES

TABLE

I.

II.

LINEAR SKULL MEASUREMENTS IN MILLIMETERS

ANGULAR SKULL MEASUREMENTS IN DEGREES

T.

4 fc f

1, -

• I"

< V

Af " * / *

vY-.-L-.-. ■

•(■y I'l ' ■ ■

■

•

LIST OF FIGURES

1.

LINEAR SKULL MEASUREMENTS FOUND IN TABLE I

2.

LINEAR SKULL MEASUREMENT FOUND IN TABLE I

3.

ANGULAR SKULL MEASUREMENT FOUND IN TABLE II

4.

ANGULAR CEPHALOMETRIC SKULL MEASUREMENTS FOUND IN TABLE II

5.

TRACINGS OF CEPHALOMETRIC RADIOGRAPHS SUPERIMPOSED ON
NUCHAL PLANE AND REGISTERED ON AUDITORY BULLAE . . . .

6.

TRACINGS OF CEPHALOMETRIC RADIOGRAPHS SUPERIMPOSED ON A
LINE FROM NASAL TIP TO INION AND REGISTERED ON INION . . .

7.

TRACINGS OF CEPHALOMETRIC RADIOGRAPHS SUPERIMPOSED ON THE
CRANIAL BASE AND REGISTERED ON AUDITORY BULLAE

8.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL ILE
SUPERIMPOSED ON TRACING OF SKULL ILC

9.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL 2LE
SUPERIMPOSED ON TRACING OF SKULL 2LC

10.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL 3LE
SUPERIMPOSED ON TRACING OF SKULL 3LC

11.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL ALE
SUPERIMPOSED ON TRACING OF SKULL 4LC

12.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL 3RE
SUPERIMPOSED ON TRACING OF SKULL SRC

13.

LATERAL CEPHALOMETRIC RADIOGRAPH TRACING OF SKULL 4RE
SUPERIMPOSED ON TRACING OF SKULL 4RC

14.

.021 X .025 STAPLE, LATERAL AND END VIEWS.

15.

OPERATING BOARD AND FILM HOLDER.

16.

LATERAL VIEW OF CONTROL SKULL

17.

LATERAL VIEW OF EXPERIMENTAL SKULL

18.

BASAL VIEW OF CONTROL SKULL; SPHENO-OCCIPITAL SYNCHONDROSIS
OPEN

(X 22)

(X 1/6)

.. .

LIST OF FIGURES (CONTINUED)

FIGURE

19.

PAGE

BASAL VIEW OF EXPERIMENTAL SKULL; STAPLE ACROSS SPHENOOCCIPITAL SYNCHONDROSIS

53

20.

CONTROL AND EXPERIMENTAL SKULLS ANALYZED

54

21.

SURGICAL PROCEDURE WITH STAPLE IN PLACE

55

22.

SURGICAL SETUP

55

CHAPTER I

INTRODUCTION

A comparatively small amount of research has been done to corre
late the cranial base to problems in orthodontics.

In the introduction

to this paper an attempt will be made to bring together a few aspects

of the relationship between the cranial base and certain dental
malocclusions, which may be regarded to some extent as symptoms of
other factors which determine the formation of the facial skeleton and

of the cranium as a whole.

Maxillary, mandibular, or total facial prognathism may be

influenced by one or a combination of several components (Bjork, 1950,
1951, 1955);
1.

2.

The maxilla or mandible may be long.

The maxillary or mandibular alveolar arch may protrude
beyond the basal bone.

3.

4.

The maxillary or mandibular incisors may be inclined labially.
The facial skeleton may be such as to cause the angle
formed between the ramus of the mandible and the cranial
base to diminish.

5.

The angle between the anterior and posterior parts of the
cranial base may be shorter.

Bjork indicates that the variance of facial prognathism is due
to variations in size and shape of the cranial base.

The spheno-

occipital synchondrosis acts like a joint allowing the posterior cranial
base to flatten out or bend, whichever is necessary to correlate cranial
and facial growth.

When marked curvature occurs, the maxilla as a

whole is displaced forward in relation to the anterior cranial fossa

as a result of anterior sutural growth of the upper face.

At the same

time the mandible is ejected anteriorly owing to the forward position
and lowering of the temporal bone.

When the cranial base flattens with

growth maxillary and mandibular development takes place posteriorly
and the face is characterized by total retrognathism.

Hopkin, Houston, and James (1968) studied lateral cephalometric
radiographs of mixed dentition patients attending the Orthodontic
Department of the University of Edinburgh School of Dentistry.

Vari

ations of the cranial base stood out as the most consistent factors

associated with anteroposterior jaw relationships and occlusion of the
teeth.

The linear and angular cranial base dimensions showed a

progressive and significant increase from the Class III group through

the Class I (control) group to the Class II group.
Rickets (1955) found an average adult Ba-S-N angle midway be
tween the extremes of 120 degrees and lAO degrees.

Since the glenoid

fossa is posterior to sella, an increased cranial base angle (Brodie,
1941) would carry the mandible posteriorly offsetting effective growth
of the mandible.

An increased angulation would cause a downward and

forward movement of the mandible.

Knowles (1963) summarized the factors that might influence the
position and size of the maxilla as:

cranial base angulation, length

of the cranial base limbs, and size of the cartilaginous nasal capsule.
That the cranial base affects the maxilla was shown by the fact that
in patients with a small middle third of the face the degree of cranial
base flexure was greater and the posterior limb of the cranial base
was shorter.

These features would prohibit the spheno-occipital

synchondrosis and the nasal system from exerting the normal degree of

forward component in maxillary growth.

On the contrary an increased angulation and an elongation of
length of the cranial base was found in a sample of children with
extreme overjet, exhibiting an Angle Class II, division 1 malocclusion
(Bjork, 1951; James, 1963).
Drelich (1948) found the angle of the Y axis to be greater in a

Class II, division 1 sample than in a normal occlusion sample of

patients.

Also the angle of the facial plane to the anterior cranial

base was smaller, and the ratio of upper face length to lower face
length was greater in the Class II, division 1 group indicating a
relatively longer anterior cranial base.

Riedel (1952) found a significant difference in the anteroposterior
relation of the mandible to the cranial base in patients exhibiting

excellent occlusion compared to individuals with malocclusion.

But no

comparable difference could be found in the anteroposterior relation of
the maxilla to the cranial base.

The cribriform area of the anterior cranial base has a greater

downward inclination (Moss and Greenberg, 1955) relative to the clivus

of the sphenoid in Class III malocclusions, As a result, the maxillary

incisors and cuspids are displaced down and back and the molars up and
back with the alveolar process pivoting around the bicuspids.

This

growth tendency would contribute to a Class III malocclusion.

In a cephalometric roentgenographic study of 37 individuals with
Class III malocclusion Stapf (1948) found no correlation to cranialfacial relationship, but the interrelation did add to or determine the
severity of the deformity.

Premature synostosis of cranial sutures may cause a malocclusion

of the teeth.

Murray and Swanson (1968) reported the case of a patient

upon whom cranial expansion surgery had been performed three times.

The patient presented himself to them at the age of 16 years with a
maxillary deficiency of several millimeters.

A mid-face osteotomy and

advancement was performed which restored his dental arches to normal

occlusion as well as relieving other facial sjanptoms.

Growth and development of the cranial base do play an important
role in the formation of certain dental malocclusions.

CHAPTER II

REVIEW OF THE LITERATURE

A.

CRANIAL SUTURAL GROWTH

Hippocrates, Aristotle, and Galen recognized the fact that some

human crania show many sutures whereas others are devoid of them.
About 1550 Fallopius studying under Vesalius (Todd and Lyon, 1924)
stated that union of these sutures occurs sometime during life.

In

1641 Thomas Bartholinus published lectures of his father which clarified
the "uses" of sutures as follows;

1.

To permit free transpiration of the vapors of the brain.

2.

For the attachment and suspension of the dura lest it should
press upon the soft brain.

3.

For the transmission of fibers of the dura through to the
pericranium.

4.

For the transmission in both directions of vessels carrying
nourishment and life to the parts,

5.

To diminish the likelihood of fracture of one bone involving
also others.

6.

To permit more easily the penetration of applications from
the exterior.

The majority of these principles are still accepted today.
Two hundred years later Virchow (1851) regarded the time of

cranial suture closure as a major influence upon cranial form.

To the

condition of premature closure of the cranial sutures he gave the
current name of craniostenosis.

From that time until the present many

sequelae of craniostenosis have been reported.

In 1855 MacKenzie reported some cases of "hydrocephalus" in
which the skull length was increased and the orbits were found to be

shallow.

Exophthalmous and blindness occurred with these symptoms.

Von Graefe (1866) was the first to recognize the importance of visual
impairment in craniostenosis when he described the case of an eight year
old boy who had partial loss of vision, epilepsy, exophthalmous, and

papilledema.

Early published attempts to relieve the symptoms of this

disease by removing strips of bone along the prematurely synostosed

sutures were made by Lannelongue (1890), Lane 1892), and Jacobi (1894).
Simmons and Peyton (1947) have reviewed several terms used to
describe this anomaly:

premature synostosis, synostosis cranii, cranio

stenosis, oxycephaly, pyrogocephaly, turricephaly, tururschodel, steeple
skull, turret skull, sugarloaf skull, scaphocephaly, plagiocephaly,

clinocephaly, trigonocephaly, leptocephaly, acrocephaly, craniofacial
dysostosis of Crouzon, and acrocephalic-syndactilism.
They also classify the important variations of craniostenosis as
follows:

A.

Complete early premature synostosis.

1.

Oxycephaly, without facial deformity.

2.

Craniofacial dysostosis of Crouzon.

3.

Acrocephalosyndactylism.

4. Delayed oxycephaly (onset after birth).
B.

Incomplete early synostosis of the cranial sutures.

1.

Scaphocephaly:

premature closure of the sagittal suture.

2.

Brachycephaly:

premature closure of the coronal suture,

or of the coronal and lambdoidal suture.

3. Plagiocephaly:

asymmetrical premature closure of the

sutures.

C.

Late premature synostosis after the skull has reached or
nearly reached adult size so that no deformities and no
symptoms result.

Anderson and Gomes (1968) give a simple more recent classifi
cation:

brachycephaly (tower head), scaphocephaly (boat-shaped head),

plagiocephaly (oblique head), and trigonocephaly (triangular head).
Possible causes of premature craniostenosis listed by Simmons

and Peyton (1947) include:

(1) inflammation of the meninges, (2) intra-

uterine meningitis, (3) rickets, (4) syphilis, (5) glandular dysfunction,

(6) birth trauma, (7) faulty blood calcium levels, (10) disturbed
growth of the sphenoid bone, (11) abnormal growth of lateral portions

of the base of the skull, (12) ossification centers of adjacent bones
being in too close proximity, (13) some fault in the blastodermal
matrix separating the bones and (14) increased mobility of adjacent
bones.

Symptom complexes associated with true craniosynostosis are

stated by Anderson and Gomes (1968) to be:

Crouzon's disease, Apert's

disease, and Carpenter's syndrome.
Alexander, Davis, and Mitchell (1964) found premature closure of
the sagittal suture to occur much more frequently in boys while premature
closure of the coronal suture occurred more frequently in girls.
Mental retardation was found to be more commonly associated with pre

mature coronal closure.

Anderson and Geiger (1965) surveyed 204

hospitalized cases of premature cranial synostosis and found the ratio
of these patients to admissions for all causes to be 1:643.

Of these

204 patients they found 57 per cent to exhibit sagittal suture closure
alone and 18 per cent to exhibit unilateral or bilateral coronal suture

closure alone.

This information corroborates Schurr's (1968) findings

that this condition predominates in males by at least three to one.
For surgical intervention to be successful in cases diagnosed at

or near birth it should be undertaken very early' because brain growth
is most rapid during the first three months of life and increases 135

per cent during the first year.
during the first week.

Schurr (1968) advocates performing it

Anderson and Geiger (1965) and Faber and Towne

(1943) recommend surgery before three months, and Till (1966) advises
it before six months.

Other than the general sequelae of premature cranial synostosis
already mentioned concomitant conditions are numerous.

Towne (1943) reported accompanying convulsive seizures.

Faber and

Syndactylism

and distortions of the maxilla have been found, particularly in children
with premature synostosis of the coronal suture (Davis, Alexander, and

Kelly, 1969). Krauspe (1959) along with others point out hypertelorism
as an accompanying defect.

This condition may have a genetic basis as determined by Sawin

and Crary (1957) in a study with 16 New Zealand white rabbits, and by
Sawin, Raulett, and Crary (1959) using 114 rabbits.

They found a

generalized reduction in body size induced by the Da (Dachs) gene in
the homozygote, and to a lesser degree in the heterozygote, and a
localized effect upon the endochondral bones of the base of the skull,

particularly the sphenoid bone.

Premature closure of the spheno-

occipital synchondrosis was attempted at birth in 79 per cent of the
experimental animals compared to a normal beginning fusion time of five

Jain (1962) discussed epilepsy as occurring along with the
ocular features of proptosis and strabismus in cases of premature
cranial synostosis.
An endocrine basis for premature fusion of cranial sutures has

been shown by Decourt and Pankow (1953) in a study of German and French

people. They feel certain that the pituitary intervenes locally in the
growth of the clivus of the sphenoid as well as directing in general
and sexual growth. Many times they found the spheno-occipital synchondrosis open after the time of normal closure in cases of hypothyroidism
and hypopituitarism (Pankow, 1953).

Exaggerated growth of the clivus

took place in persons with a hyper-gonadotrophic syndrome (Pankow
and Decourt, 1953).

Stoccada (1916) investigated cases of cretinism,

Langhan's athyreosis, and Paltauf's dwarfism and found the sphenooccipital synchondrosis still open after the age of 40 years.

However,

Virchow (1858) found premature cranial synostosis at some point in
every cretin he examined.

Apparently the cartilage may become premature

ly resorbed and replaced by ossified tissue, or remain unchanged with
delayed transformation into bony tissue.

Stroder, Fuchs, Herawi, Putze, and Sadis (1968) examined 50

rachitic children under nine years of age. Synostosis of coronal and
lambdoidal sutures was present to some degree in each child.

They

proved that in cases of vitamin D deficiency rickets complete premature
obliteration of cranial sutures may occur. Upon the examination of 59

patients under nine years of age, Reilly, Leeming, and Fraser (1964)
found premature fusion of cranial sutures in one-third to one-half of
patients with moderate or severe vitamin D deficiency rickets. They
found the incidence and severity of craniosynostosis much greater when

hypophosphatasia complicated the rachitic condition. They concluded
that premature cranio-synostosis occurs primarily as an inherent
mesenchymal defect, however, it can be secondary to metabolic bone
disease.

Bjork (1955) cited a case of achondroplastic dwarfism in which
the spheno-occipital synchodrosis fused before 12 years of age.
A case of Grave's disease (exophthalmic goiter) complicated by
papilledema due to raised intracranial pressure resulting from continual
brain growth in the presence of premature fusion of the cranial sutures
was reported by Robinson, Hall, and Munro (1969).
Cleft palate deformities have been associated with malformations
of the cranial base.

Moss (1956) investigated 103 cases of cleft lip

and palate from Columbia University and the Lancaster Cleft Palate

Clinic.

He used the term, "dysostosis sphenoidalis", to describe

disturbed ossification within the sphenoid bone itself and at the

sutural margins of the bone.

This is expressed as a malrelation between

the sphenoid, ethmoid, and occipital components of the cranial base.

He

lists three current etiological theories regarding dysostosis spheno
idalis:

1.

Genetic: Independent genetic factors exist for the various
cephalic components which are so dysharmonious as to yield
size differences.

2.

Embryological:

The teratogenic period is the early embryonic

size of the neural plate.

3.

Pathological: The defect is a localized dysplasia of the
sphenoid bone, occasioned by regional circulatory distur
bances.

Ross (1965) studied the morphology of the cranial base in 342
children with cleft lip and palate.

The cranial base was found to be

smaller in children with clefts than in normal children but he felt
this to be a reflection of the smaller size of the children with

clefts.

He found no evidence of dysostosis sphenoidalis or other

abnormalities of the cranial base associated with cleft lip and palate

deformities.

The spheno-occipital synchondrosis could not be noted by radio-

graphic observation in mongoloid patients after the first few months
of life (Benda, 1940).

Histological studies proved that premature

ossification does not take place as in chondrodysplasia; but neither
is ossification delayed as in cretinism.

The growth disorder in

mongolism seems to.be due to the absence of agents related to the

pituitary gland which normally induces differentiation and growth.
Pritchard, Scott, and Girgis (1956) have summarized seven layers
of fibers and cells comprising a developing bony suture.

Two fibrous

layers unite the endosteal and periosteal coverings of periosteum of
the two bones. The edge of each bone is continuous with a cambial
layer, which is covered by a capsular layer, and a middle layer is
enclosed by the capsular and uniting layers.

A suture such as this

exists between the bones comprising the cranial vault and the facial

complex. The synchondrosis found between cranial base bones will be
dealt with later in the paper.

Moss and Young (1960) state that a suture is in no sense

analogous to an epiphysis. It is a site where new bone may be added to

compensate for the separation of bones which occurs as the cerebral
capsule expands and passively carries the bones outward. Hence, the
location of a suture is determined by the relative growth of adjacent
bones.

The order of ectocranial suture closure in the hyena was found

by Schweikher (1930) to be: sagittal, lambdoidal, spheno-occipital
synchondrosis, coronal, and metopic. Krogman (1930) determined the
order in anthropoids to be:

vault, circum-meatal and spheno-occipital

synchondrosis, facial, and hafting sutures.

There is general agreement that in man the sagittal suture

commences to unite at about 22 years (Todd and Lyon, 1924); the
coronal suture begins to close at about 24 years; the lambdoidal suture
starts to fuse at about 26 years; the intraoccipital synchondroses

close from the third to the fifth year of life (Falkner, 1966); activity
in the intersphenoidal synchondrosis ends at birth; and the sphenoethmoidal synchondrosis closes at about 12 to 13 years.

But the closure

time of the spheno-occipital synchondrosis, which is the subject of

this paper, is not as generally agreed upon.

It is said to close any

where from 9 to 25 years of age.

B.

GROWTH OF THE CRANIAL BASE

Three forms of bone growth are active at certain times in the

development of the mammalian braincase (Scott, 1959; Mednick and Washburn, 1956; Applebaum, 1953);
1.

Bone growth by the conversion of cartilage into bone.

2.

Growth by ectocranial apposition and endocranial resorption.

3. Appositional growth at sutural margins. Erickson and
Ogilvie (1958) feel that this accounts for the major portion
of cranial growth.

During the prenatal period of human cranial growth, and from the
fetal stage to about the third year of life after birth, sutural growth
is most active (Latham and Burston, 1966).

The growing brain and other

soft tissues and cartilage of the skull base and nasal septum are

separating the various cranial and facial bones by appositional growth
at the sutures (Scott, 1958).

From the third year to the seventh year

some sutural growth still occurs but surface deposition plays a much

greater role in craniofacial development.

Although the vault sutures

do not fuse until after the twentieth year, most cranial and facial
growth from the seventh year to adult life takes place in the form of
surface deposition and resorption.

Bolk (1915) and Dabelow (1931) felt that growth of the brain was
responsible for the size and configuration of the cranial base.

Subse

quent studies proved this theory true for bones of the cranial vault
but not for those of the cranial base.

Growth of the cranial base bones takes place by the conversion of
cartilage.

In the early fetus cartilage is continuous from the foramen

magnum to the nasal septum (Ford, 1958; Scott, 1958).

One ossification

center appears about the middle of the third intrauterine month for the

basi-occipital bone.

Two to four centers appear for the postsphenoid

element near the end of the fourth intrauterine month which are followed

soon by two centers for the presphenoid section of the sphenoid bone.

During the first year after birth a single ossification center appears
for the mesethmoid bone.

The two parts of the sphenoid bone are united at birth (Falkner,

1966).

The mesethmoid joins with the facial parts of the ethmoid by

ossification of the cribriform plate between the first and third year.

The lateral occipital and the basi-occipital synchondroses close in the

third to sixth year.

Activity at the spheno-ethmoidal synchondrosis

ends at 12 to 13 years.

Available evidence indicates a wide range of

closure time for the spheno-occipital synchondrosis from the eleventh to
the twenty-fifth year.

Additional definitive research is indicated in

this area.

Components of the adult human cranial base in the median plane

posterior-anteriorly are (Scott, 1958; Knott, 1969):
1.

The basal part of the occipital bone.

2.

The spheno-occipital synchondrosis.

3.

The body of the sphenoid bone.

4.

The spheno-ethmoidal synchondrosis.

5.

The cribriform plate region of the ethmoid bone.

6.

The fronto-ethmoidal suture and the foramen caecum.

7.

The glabellar region of the frontal bone.

The cranial base and the head circumference have reached approxi

mately the same proportion of their adult size at the fourteenth week
of fetal life.

By the twenty-second intrauterine week the head circum

ference begins to draw ahead and is somewhat in advance of the cranial
base at birth.

Head circumference has achieved 65 per cent and the

cranial base 50 per cent of.the adult size (Brodie, 1955). During the
first three years after birth the head circumference completes 90 per
cent of its eventual adult size.

The cranial base does not reach 90

per cent of its adult size until about the thirteenth year (Scott, 1958;
Brodie, 1955).
Growth of the cranial base can best be studied if it is con

sidered in three segments. These correspond to Stramrud's (1959)
internal cranial base angle (Eth-S-Ba) and external cranial base angle
(N-S-Ba)

1. Posterior segment - from basion to pituitary point (sella
turcica).

2.

Middle segment - from sella turcica to foramen caecum.

3.

Anterior segment - from foramen caecum to nasion.

Scott (1958), Brodie (1941), and Ford (1958) showed that the

posterior and anterior segments follow a growth pattern similar to the
rate of general facial growth while the middle segment follows the
neural growth rate of the brain. Bjork (1955) found this segment to
become quite stable before the age of 10 years. The cranial base acts
as an intermediary to correlate cranial growth with facial growth.
Scott (1958) lists five growth sites in the cranial base. They
were first discussed by Keith and Campion (1922).
1. The foramen magnum. In man this does not show evidence of
posterior migration.

2.

The spheno-occipital synchondrosis.

3.

The spheno-ethmoidal synchondrosis.

4.

The fronto-ethmoidal suture.

Very little growth occurs here

after the first ten years.

5.

The frontal bone.

This increases in thickness in the

glabellar region by surface deposition (Bjork, 1955).
In man the cranial base shows a greater degree of flexure than

in any other animal. Weidenrich (1924) showed that this "deflection
angle" decreases from fish to man and is correlated with upright posture
and increase in brain size.

During fetal life the angle increases from

131.5 degrees at 10 weeks to 150.5 degrees at birth (Ford, 1958).
From birth a decrease in angulation occurs until the age of 10 years
when the cranial vault has reached its final volume and the cranial

base is considered by Bjork (1955) to have reached its final shape.
Zuckerman (1955) found a decrease in angulation from birth to about

five years and then an increase again as adulthood is approached.

Bjork (1955) states that during growth in some individuals the angle
increases, while in others it decreases. Koski (1960) noted a slight
decrease from the seventh year to adulthood.

No significant change in

angulation could be found by Stramrud (1959).

In a study of normal

and sexually retarded French men and women, Pankow (1951b) discovered
a correlation between sexual retardation and a smaller cranial base

angle.

She found the angle to be stable by 11 years in females and by

15 years in males. She also states that the europeans have a greater
inclination than other nationalities.

The exact site of flexure is usually considered to be the sphenoethmoidal synchondrosis.

Bjork (1955) felt that the rotation takes place

at the spheno-occipital synchondrosis.

Cameron (1925) believed that the

point of angulation was in the pituitary fossa (sella turcica).

Scott

(1958) agrees that the main site of cranial base flexure during fetal
life is the intersphenoidal synchondrosis which is related to the front

of the pituitary fossa.

The spheno-occipital synchondrosis may act as

a secondary site of flexure for any changes occuring after birth.

Scott (1953b) compares the cartilage of the nasal capsule, which
is the primary cartilagenous skeleton of the cranial base and upper

face, to Meckel's cartilage, which is the primary skeleton of the lower
face.

The bones of the cranial base have developed from this cartilage

and part of it atrophies so that in an adult the only cartilage remain

ing is the anterior portion of the nasal septum (the septal cartilage)
and the nasal cartilages.

He considers growth of this nasal capsule

as the underlying thrust causing downward and forward growth of the
maxilla as it is held between the zygomatic and palatine bones.

The

facial and cranial bony elements unite from four to six years by the
coalescence of the mesethmoid with the lateral masses of the ethmoid

and through its perpendicular plate with the vomer below.

He describes

the "chondrovomeral joint", a mass of loose, fatty connective tissue

between the septal cartilage and the vomer bone, as an important element
in the mechanism of facial growth.
Scott (1953a) found that brain size is not related to the length
of the cranial base.

He also maintains that there is no significant

correlation between cranial base length and height of the face.
The width of the base of the skull, and therefore the distance

between one temperomandibular joint and the other, is increased by bone

being laid doxm in the sphenotemporal suture (Keith and Campion, 1922).
They measured growth occurring at the different sites in the cranial

base in persons from 5 to 21 years and found:

7 millimeters added to

the glabellar surface of the frontal bone; 10 millimeters added at the
spheno-ethmoidal junction; and 6 millimeters added at the sphenooccipital junction.

Cohen (1955), in a lateral cephalometric study of 47 Caucasians,
came to some conclusions regarding growth of the cranial base.

This

growth carries the upper face forward and upward away from foramen

magnum.

Growth in the posterior cranial base contributes primarily to

vertical height in some people and to depth in others.

A severe flexure

of the base without a corresponding reduction in the mandible might lead

to mandibular prognathism, while an obtuse angle may result in mandibular retrusion.

A horizontal anterior cranial base may position the

entire posterior face at such a high level as to effect an abnormally

steep mandibular plane; whereas, an inclined anterior cranial base
might position the posterior face very low causing a horizontal mandi
bular plane. He found the basion-articulare dimension quite stable,
which would suggest that increase in depth of the lower face must be
due to mandibular growth in a downward and forward direction.

Elmajian (1960) and Nelson (1960), in cephalometric growth
studies of 32 and 31 children respectively from 8 to 14 years and from
12 to 20 years, found point sella to move downward or downward and back
ward.

Nasion moved upward and forward, straight forward, or downward

and forward.

Broadbent (1937) and Brodie (1941) used the Bolton point, which
is the deepest point on the curvature behind the occipital condyles,
as the posterior terminal landmark of the cranial base because it is
more readily discernible in lateral head films.

However, modifications

of technique allowed Brodie (1955) to later use basion, which is a
better landmark because it is a midline point.

He measured the cranial

base by constructing an arc through basion, sella turcica, and nasion,

then noting the length of this arc.

In a serial cephalometric study of

30 Individuals from 3 to 18 years of age he found that the ratio between
each part of the cranial base and the whole was essentially unchanged
throughout growth.

He also concluded that the cranial base length

was approximately doubled over this period of time.

C.

THE SPHENO-OCCIPITAL SYNCHONDROSIS

The structure of a synchondrosis, where cartilagenous endochondral
ossification is taking place, differs from a suture as previously des

cribed.

The epiphyseal growth plate of a long bone is composed of five

zones listed in order from the proliferating cartilage to the newly
deposited bone:
1.

Zone of reserve cartilage.

2.

Zone of cell multiplication.

3.

Zone of cell and lacunar enlargement.

4.

Zone of calcification.

5.

Zone of cartilage removal and bone deposition.

In a basicranial synchondrosis where growth occurs from the center of
the cartilage in either direction there is a central zone of reserve

cartilage with zones 2, 3, 4, and 5 proceeding in order from it to the
bone on either side.

Some growth characteristics of cartilage distinguish endochondral
ossification from membranous bone formation (Baume, 1961).

1.

Cartilage grows interstitially, as well as appositionally.
Bone accrues only at surfaces.

2. Cartilage proliferation is subject to endocrine control.
Pituitary growth hormone controls chondrogenesis and thyroid
hormone presides over cartilage erosion. Osteogenesis and
osteoclasia may proceed in the absence of these hormones.
3.

Morphogenesis of the cartilagenous skeleton shows a more
rigid genetic determination than do membrane bones. Thus
endochondral ossification constitutes the mechanism by which

the skeleton develops into genetically predetermined size
and form.

4.

In contrast to membrane bones, cartilage is highly un

responsive to mechanical stimulation. Cartilage bones grow
independently of the direction of the forces exerted by the
investing tissues.

At birth the cartilage of the human spheno-occipital synchondrosis
forms a disc about three mm thick between the clivus of the sphenoid

and the basilar part of the occipital bone (Benda, 1940).

After birth

this cartilage continues to develop toward the posterior clinoid

process until it forms a dorsal covering over the clivus. The cartilage
cells are arranged in columns according to the direction of growth.
Vertical columns can be seen in the center and horizontal columns

proliferate on each side of the disc toward the occipital bone and the

body of the sphenoid. The cartilage disc grows vertically from about

seven mm at birth to between 13 to 15 mm at 17 years of age.

Hori

zontally, it remains about three mm thick as it deposits new bone on
the sphenoid and occipital bones.

Horizontal growth of about 10 mm occurs at this junction from the

fifth to the twenty-fifth year of life (Keith and Campion, 1922). This
allows for increased pharyngeal space for breathing and swallowing; and
a displacement of the temporal bones downward and backward obtaining
space for growth of the mandible, throat, and mouth.

The consensus of opinion is that the spheno-occipital synchondrosis exhibits a bipolar growth potential, contributing to growth of

both the occipital and the sphenoid bones (Scott, 1953b, 1958; Brash,
1934; Sawin, Ranlett, and Crary, 1959; Baume, 1961, 1958).

However,

Benda (1940) found that in normal skulls the cartilage proliferation
appears slightly more active toward the occiput than toward the sphenoid.

Ortiz and Brodie (1949) state that if growth occurs here it does so only
on the occipital surface of the suture.

Bjork (1955) indicates that

growth at the spheno-occipital junction serves only to elongate the
clivus of the sphenoid.

Many investigators believe that the spheno-occipital synchondrosis
is a skeletal growth center homologous to the epiphyseal plate of a long
bone (Keith and Campion, 1922; Scott, 1953; Baer, 1954; Brooks, 1955;
Mednick and Washbum, 1956; Scott, 1958; Ford, 1958; Irwin, 1960; Baume,

1961; Sarnat, 1963; Ryoppy, 1965; Sicher, 1965; Falkner, 1966; Baume,
1968).

Baume (1961) defined a skeletal growth center as a place of

endochondral ossification with tissue separating force, as distinguished
from a skeletal growth site which is a region of sutural bone formation
and modeling resorption adaptive to environmental influences.

Other

researchers categorize the spheno-occipital junction as just such a

growth site, serving only for the accommodation of the growth of the
brain and the upper respiratory area (Brash, 1934; Ortiz and Brodie,

1949; Bjork, 1955; Powell and Brodie, 1963; Ronning and Koski, 1967;
Koski, 1968; Koski and Ronning, 1969).

Opinion concerning time of closure of the spheno-occipital

synchondrosis in the human is divided among three groups. Keith and
Campion (1922) felt that it ossifies between 18 and 25 years.

This is

the time stated in recognized textbooks of anatomy and regarded by many

as correct through the years (Brooks, 1955; Ford, 1958).

Others believe

that this synchondrosis fuses somewhere between 12 and 20 years (Krogman,
1930; Benda, 1940; Bjork, 1955; Scott, 1958; Irwin, 1960; Baume, 1961;
Sicher, 1965; Falkner, 1966).

The third group takes the position that

synostosis of the spheno-occipital synchondrosis occurs between 11 and

16 years (Schweikher, 1930; Powell and Brodie, 1963; Konie, 1964;
Koski, 1968).

Powell, Brodie, and Konie found the time of closure to be

from 10 years and 6 months to 13 years in girls and from 12 years and
6 months to 16 years in boys.

RECENT RESEARCH

Since 1960 improved radiographic technology has enabled researchers

to make a roentgenograph of a layer of tissue at any depth in the body.

This process has been called tomography, planigraphy, or laminagraphy.
With it, a radiograph of the cranial base in the mid-sagittal plane can
be obtained without shadows produced by other tissues.

Thus, the degree

of patency of a synchondrosis can be determined more accurately fpr a

given age. Investigators using this technique have, in general, found

the obliteration time of the spheno-occipitai synchondrosis to be
earlier than was previously believed.

Irwin (1960) made midsagittal laminagraphs of the skulls of at
least two persons with ages corresponding to each yearly interval be

tween 5 and 25 years of age for a total of 47 cases. He found closure
of the spheno-occipitai synchondrosis to begin superiorly between 10
and 13 years and, in general, to be complete by the eighteenth year.
Powell and Brodie (1963) examined 205 males aged 8 to 21 years,

and 193 females aged 6 to 18 years using midsagittal laminagraphy.
Their results showed the spheno-occipitai synchondrosis to be completely

closed by 14 years of age in females and by 16 years of age in males.
They noted increased lengthening of the sella-to-basion distance even
after obliteration of the junction.

Therefore, the function of the

spheno-occipitai synchondrosis as a postnatal growth center, is

questioned.

It was concluded that continuing growth of the clivus is

due to bony apposition at basion or forward movement of sella turcica
or both.

Konie (1964) compared the ossification time of the spheno-

occipitai synchondrosis to the epiphyseal closure of the hand and wrist
bones.

He made hand and wrist radiographs and midsagittal laminagraphs

of 162 females and 152 males.

The skeletal age of each person was

assessed by comparing their hand radiographs to the Greulich and Pyle
atlas.

Initial fusion was found to occur at a skeletal age of 10 years

and 6 months in girls and 12 years and 6 months to 13 years in boys.

Synostosis was complete when the subject reached the skeletal age of
13 years and 6 months for girls and 16 years for boys. A close corre
lation was revealed between skeletal age and the maturation state of

the spheno-occipital synchondrosis.
An investigation of the spheno-occipital synchondrosis through
the use of laminagraphic radiographs is being conducted at the present

time in Brazil by Ferreira (1967).
The growth potential of some cranial base segments of the Long-

Evans strain of white rats was studied by Koski and Rbnning (1969). They
transplanted the spheno-occipital and the intersphenoidal synchondroses
with a minimum amount of adjacent bone on both sides; the same

synchondroses with more adjacent bone on both sides; and a complete

cranial base from the occipital foramen to the spheno-ethmoidal junction.
These components were placed in subcutaneous tissue pockets of litter
mates of the same sex.

By the sixtieth day the observed increase in

cranial base length, and length of the two synchondrosal transplants,
was much less than the corresponding increase which took place in the
control animals.

Since some growth did occur he concluded that the

spheno-occipital synchondrosis does possess a greater growth promoting
potential than the condylar cartilage, but not equal to that of the
epiphyseal cartilages of long bones.
Koski partially explained his conclusions by the fact that
cartilage cell columns are much shorter in a synchondrosis than in an
epiphyseal growth cartilage, while the cartilage cells of condylar
cartilage become completely disorganized at the transplant site

(Rbnning and Koski, 1967; Koski and Rbnning, 1969).

Konjevich and

Brodie (Brodie, 1964) made histologic sagittal sections of the sphenooccipital synchondrosis of 18 pigs and 11 humans.

At birth in the

human and by the twelfth postnatal day in the pig five zones were

observed in the cartilage disc: (1) a broad, central zone with columns

of transversely arranged chondrocytes; (2) paired zones of columns of

horizontally arranged cartilage cells; and (3) paired zones of calci
fying cartilage being replaced by bone.

Parenterally administered papain has been used to inhibit normal

cartilage growth. Ronning (1964) and Gupta (1968) administered daily
intraperitoneal injections of crude papain to rats for periods ranging
from 10 to 20 days.

Changes in the experimental skulls at the end of

this time must have been the result of inhibition of growth at the

synchondroses in the base of the skull because only cartilage is affected
by papain.

Experimental animals were found to have a shorter total

skull length, shorter snout, and a more curved calvaria than the control
animals,

Morphogenetic studies on dwarf animals have been performed to
determine the effect of the genes responsible for dwarfism on the

spheno-occipital synchondrosis. In man premature fusion of the sphenooccipital synchondrosis is recognized to be pathognomonic for achondro-

plasia (Benda, 1949; Julian, Tyler, Hage, and Gregory, 1957). Sawin,
Ranlett, and Crary (1959) observed the skulls of 114 dachs rabbit

skeletons. The spheno-occipital synchondrosis may never fuse in normal
adult rabbits, whereas initial closure was found in many of these animals
at birth with complete obliteration taking place a few weeks later.

Julian, Tyler, Hage, and Gregory (1957) radiographed 78 prepared skulls
of known age of the "short-headed" variety of horned Hereford dwarf

cattle. Again, partial synostosis was detected in some animals at
birth and complete closure was found in all dwarf animals at five and

one-half months post-parturition. Normal closure time for phenotypically
normal Hereford cattle is from 24 to 36 months.

Dubrul and Laskln (1961) have performed what is probably the
most pertinent research on the cranial base.

They used a dental bur to

extirpate the spheno-occipital synchondrosis and a thin layer of bone
anterior and posterior to it from 100 Holtzman albino rats.

Of these,

23 were suitable for final measurement and 10 for histologic study.

The

operation was performed on young animals, some as young as 15 days old.
Experimental animals and litter mate controls were sacrificed at six
weeks, two months, three months, four to five months, six months, and

one year after operation.

Linear measurements were made from nasal

tip to occipital condyles, nasal tip to inion, basion to sphenooccipital synchondrosis, and spheno-occipital synchondrosis to the

intersphenoidal synchondrosis.

The curvature of the cranial roof was

measured in millimeters as the highest point above a line from nasal

tip to inion.

The cranial base curvature was measured likewise as the

farthest point away from a line from basion to the spheno-ethmoidal

junction.

Angular measurements were made of the nuchal plane with the

long axis of the skull and of the auditory bullae with the long axis of
the skull.

All linear measurements were found to be shorter in experi

mental animals.

The angle formed by the nuchal plane with the long axis

of the skull was less than 90 degrees in experimental animals and
greater than 90 degrees in control animals.

Experimental animals showed

a notable increase in the angle formed by the auditory bullae with the

long axis of the skull.

The curvature of the cranial roof was greater

in experimental animals and the cranial base was internally convex,
while remaining internally concave in control animals.

Their conclusion

was that when the spheno-occipital synchondrosis is removed in young
animals the adult form simulates the adaptive changes associated with

upright posture.

D.

CONTROL OF BONE GROWTH

Early attempts to arrest the longitudinal growth of bones arose
out of efforts to correct inequality in the length of the extremities.

Unequal arm or leg length may result from fractures, joint infections,
bone infections, bone tumors, congenital disturbances, and poliomyelitis.

Various surgical techniques have been used to effect premature

fusion of the metaphysis with the epiphysis of a growing long bone
effectively stopping growth and allowing the equivalent right or left
bone to catch up. Phemister (1933) described three methods of accomp
lishing this:

(1) A square piece of cortex is excised, three centimeters

long by one centimeter wide, crossing the epiphyseal plate and including
about one centimeter of epiphysis and two centimeters of metaphysis.
It is removed and reinserted with its ends reversed producing a bony

union. (2) The epiphysis may be separated from the metaphysis with a

chisel, the cartilaginous disc excised, and a metaphyseal graft shifted
upward. (3) In some instances the epiphysis, including the cartilaginous
disc, is completely excised.
White and Stubbins (1944) drove a one-half inch square mortising

chisel, fitted with an obturator, into the epiphyseal-metaphyseal

junction. The square plug of cancellous bone removed in the chisel was
composed of equal amounts of epiphyseal and metaphyseal bone separated

by cartilage. This plug was rotated through an angle of 90 degrees and

replaced. It was driven out of the chisel with the obturator and
gently tapped into place, initiating two deep grafts bridging the
cartilaginous gap between epiphysis and diaphysis.

Haas (1945, 1948, 1950) has made many attempts to control bone
growth in dogs, rabbits, and humans, using wire loops and staples.

He

first passed a length of .047 German silver wire around the epiphyseal
plate, binding it to the diaphysis of the growing bone.

He experimented

with several different configurations and ties but the wire continually
parted during later growth.
observed.

Some degree of bone growth inhibition was

He later inserted staples of heavier wire on lateral or

medial aspects of the epiphyseal plate and on both lateral and medial
surfaces.

Inhibition of growth was found to occur to a greater degree

on the side with the staple and equally in bones with staples on both

sides.

The greatest impairment of bone growth was found when straight

pins were passed through the epiphyseal cartilage plate; one from the
metaphysis through the plate to the epiphysis and one from the epiphysis
through the plate to the metaphysis.

It was endeavored to have them

cross near the center of the epiphyseal cartilage plate.

However, the

possibility exists that some of the growth inhibition in this case may
have been due to injury of the cartilage cells.

Inspired by the studies of Phemister and Haas, Blount (1949,
1952) had staples of .094 stainless steel wire with a Rockwell hardness
of 33 to 35 C, formed in a die under pressure.

The distance between the

legs and the length of the legs corresponded to the size of the bone
being operated upon.

He found that one staple on either side of an

epiphyseal plate would always bend or break and that two on each side
would usually bend and occasionally break.

With three staples medially

and three laterally bridging the epiphyseal growth plate he felt he

stopped growth immediately and almost completely. Angular direction of
growth could be controlled by placing more staples on one side of the

bone than on the other.

In 1956 Siffert experimented with a .078 Kirschner wire staple
across the distal femoral epiphyseal plate in rabbits.

He found this to

effectively inhibit length of bone growth. He also tried two crossed

pins of the same wire through the epiphyseal plate, as Haas did in 1950,
but observed no interference with longitudinal growth.

Hinrichsen and Storey (1968) studied several effects of force and
wire movement through bone. Helical torsion springs of .016 round
austenitic stainless steel wire wound around a .020 diameter were placed

across various bony sutures in guinea pigs.

Springs with a tensile

force were found to open sutures; and springs with a compressive force
were found to close sutures with subsequent sutural synostosis.

Stain

less steel pins were inserted just lateral to the spring ends to act as

- points of reference to measure growth changes. The amount of wire move
ment through bone was observed by measuring the distance between the
spring ends and the steel pins. Some movement of spring ends took place
in the cancellous bone of the epiphysis or metaphisis, but very little
wire movement occurred in the compact bone of the diaphysis or the

membranous bones.

The authors report that the movement of wire through

bone probably depends on the surface area of the wire in contact with
bone, the type of bone, and the blood supply to the area.

In this study the spheno-occipital synchondrosis of a suitable

laboratory animal was held with a wire staple at an early age effecting

a premature synostosis of the junction. It was postulated that measure
ments of subsequent cranial and facial growth could be used to determine

the sifnigifance of the spheno-occipital synchondrosis in cranial base
development.

CHAPTER III

MATERIAL AND METHODS

Guinea pigs were chosen for this study because of their avail

ability in large numbers, docile disposition, and flaccidity of tissues
in the neck region.

The high mortality rate required that the animals

be chosen without regard to sex and the utilization of litter mates as

controls.

Of 68 guinea pigs operated on 16 animals (9 control and 7

experimental) survived through the growth period and were suitable for
measurement and observation.

Due to similarity in growth and form, available information

regarding the anatomy and function of the rat (Greene, 1955) was found
to be very helpful.

Since the major period of osteogenesis on all

surfaces of the rat calvaria occurs under 60 days of age (Massler and
Schour, 1951) it was postulated that a 60 day period of growth after
surgery would be adequate to show any deviations in form resulting from

the procedure.

Experimental and control animals were operated upon at

14 days of age and sacrificed 60 days after surgery.
All animals were housed in specially designed pens which allowed
them to have fresh grass at their disposal at all times.

They were

given fresh water morning and evening and fed vitamin C fortified Purina

Guinea Pig Chow.

There were no signs of illness or infection at any

time.

The staple used to hold the spheno-occipital synchondrosis was

patterned after the one used by Blount (1949).

To aid in retention it

was bent slightly in the center of the back bringing the legs toward

each other (Fig. 14).

The first few staples were fashioned out of .020

round stainless steel orthodontic arch wire.

However, these were found

to be difficult to place and it was realized that a larger wire would
offer more surface area in contact with bone.

Succeeding staples were

all made from .021 x .025 rectangular wire bent so the .025 width would

lie flat on the table.

The ends of the legs were filed on both sides

to a sharp blade surface to facilitate insertion into the bone (Fig. 14).
The finished staple was four mm long with legs two mm in length.

This

was more rigid and could be directed better with a Howe plier gripping
the flat sides of the staple.
All animal preparation and surgical procedures were performed
using standard sterile technique in a dental office.

Any further

measures of sterility were found to be unnecessary as no sign of infection
ever developed.
A combination surgery table and head holder was fashioned from a

2 X 12 X 16 inch piece of styrofoam.
fit the shape of the body form.

A depression was hollowed out to

Just lateral to the head compartment a

narrow slit was cut in the styrofoam at right angles to the head to
receive the x-ray film (Fig. 15).

Kodak ultra-speed occlusal dental x-ray film was used to take
lateral radiographs of the head of each experimental and control animal.
A target-film distance of 60 inches was employed throughout the study.

The radiographs were taken immediately after surgery with the anesthe
tized animal extended supine on the operating board and the film in the
slot.

The final films were taken after the skulls had been defleshed

for greater clarity and detail.
The surgical approach, with minor modifications, was the same as

Dubrul and Laskin (1961) used when they extirpated the spheno-occipital

synchondrosis in rats. Animals at 14 days of age were anesthetized

intraperitoneally with 0.1 cc of nembutal sodium, 50 mg./cc, in a B-D
Plastipak tuberculin disposable syringe.

Lying in a supine position on

the operating board the extremities were stretched straight out by
elastic bands to nails placed in the styrofoam.

The head was extended

with an elastic band around the upper incisor teeth in the same way.

In this position the animal was secure and the tissues were deployed
facilitating access.

The hair of the neck and submandibular region was trimmed short
with scissors.

It was found that shaving in this area was contra-

indicated as it removed portions of skin.

Using a number 11 disposable

Bard-Parker blade, a mid-line incision was made through the skin and
superficial fascia from the symphysis of the mandible to the sternum.

Submaxillary and sublingual lymph nodes and salivary glands were bluntly
dissected to one side.

Fibers of the infrahyoid muscles (steimohyoid,

sternothyreohyoid, and omohyoid) were separated and the exposed trachea
and esophagus were retracted to the left.

The uncovered carotid and

jugular vessels were then retracted to the right.

The longus capitis

and rectus capitis anterior muscles were loosened at their points of
insertion on the basilar part of the occipital bone yielding access to
the inferior surface of the spheno-occipital synchondrosis.

The

synchondrosis lies between the anterior medial horns of the auditory
bullea which were used as guiding landmarks during each operation.

In the experimental animals the staple was now pressed finnly
over the spheno-occipital synchondrosis in the mid-line of the cranial
base, care being taken to use a small enough force so as not to fracture

the bones.

The anterior leg of the staple was placed two mm anterior

to the synchondrosis into the sphenoid bone and the posterior leg two

mm posterior to the synchondrosis into the occipital bone (Fig. 19).
When the staple was properly placed it was very secure and retention
was excellent.

In the control animals a probe 0.025 inches in diameter was used

to penetrate comparable sites that the staple had entered in the experi
mental animals.

The probe was found to be much easier to remove than

a staple and better approximated the trauma involved in the experi
mental surgical procedure.

During the first few operations a small stainless steel Misdom-

Frank ophthalmic retractor was used for tissue retraction. It was found
that too much pressure against the displaced trachea resulted thereby
cutting off the animal's air supply. A pair of cotton pliers with the
tips placed on the cranial base and allowed to spring gently open
distributed a gentler force to the tissues and could be relaxed easier
at 15 to 30 second intervals during the operation to maintain a
continuous air supply.
The incision was closed with 000 black-braided Ethicon silk

suture placed about five mm apart.

The majority of the animals, especially during the early part
of the research, died on the operating table from excessive hemorrhage,

suffocation, and impingement on neural tissue.

Of the animals that

survived surgery, 95 per cent recovered within one hour and were

actively eating within two hours. The remaining five per cent died
from brain damage during the first 12 hours after surgery.
All animals were sacrificed on the sixtieth day after surgery by

injecting one cc of nembutal sodium intraperitoneally.

They were

decapitated, the head was skinned and major glandular and muscle tissue
removed.

The skulls were then placed in a dermestid box for two weeks.

Papase tablets* were dissolved in water at room temperature and this
solution was used for the final removal of all tissue.

The skulls were

taken from the bath after 12 hours and any remaining tissue was removed
by hand.

The author does not recommend papain for defleshing specimens
as some of the bony sutures loosened.
After the skulls were air dried for 24 hours any disarticulated
bones were replaced in their proper articulation.

Occlusion was

established and lateral radiographs were made with the skulls and films
in position on the operating board.

Tracings were made of the radio

graphs and measurements of the skulls were recorded.
At the close of the experiment nine control animals and nine

experimental animals were ready for preparation.
nine controls were suitable for study.

The skulls of all

Experimental skull number 5RE

was placed too close to the light bulb in the dermestid box and was

charred beyond recognition.

Experimental skull number 2RE was found to

be mislabeled, therefore seven experimental skulls were suitable for
measurement (Fig. 20).

*Warner Chilcott Laboratories

CHAPTER IV

FINDINGS AND DISCUSSION

Since animal 2RE was mislabeled it was not examined in any
manner.

The spheno-occipital synchondrosis in control animals IRC, 2RC,
and 3RC, was found to be fused when the guinea pigs were sacrificed
at 75 days of age.

The synchondrosis remained patent in all of the

other control animals (Fig. 18).

Animals IRC, 2RC, and SRC were the

first three of the nine controls operated on.

It is postulated that

this occurred because of excessive mechanical irritation to the bony
tissue adjacent to the cartilage of the synchondrosis.

Because of

the premature fusion at this point the findings from these skulls
resemble more nearly the findings of the experimental skulls than they
do the measurements taken from the remaining controls.
At the time of sacrifice the synchondrosis was completely united

(Fig. 19) in all experimental skulls except animal IRE.

Again, this

was the first experimental animal of the final group and upon closer
inspection it was discovered that the sphenoidal leg of the staple
was not engaged in bone.

Therefore, this skull is more like the control

group in its measurements.

Animals IRC, 2RC, SRC, and IRE were from

trial control and experimental animals and thus have been placed in a
separate category in Tables I and II.

The evidence of this paper refutes a statement made by Moss

(1960), "Adjacent cranial bones cannot be made to fuse simply by press

ing them against each other". Hinrichsen and Storey (1968), as a result

of experimentation with tensile and compressive forces exerted by wires
to bone, state that "an optimum range of pressure is required to unite
cranial bones in contact with one another".

The evidence presented in

this paper would also disagree with this conclusion, as the staples used
exerted no force but rather a passive, holding position.

However,

perhaps these authors were referring to cranial sutures only and not
cartilaginous synchondroses.
Gross differences observed in the experimental animals, when

compared to the control animals, agree very closely with Dubrul and
Laskin (1961):

1.

Cartilage in the spheno-occipital synchondrosis is completely
absent on the external surface of all skulls and from the

internal surface of one-half of the skulls (Fig. 19).
2.

In all skulls the external layer of cortical bone is continu
ous between basi-occipital and basi-sphenoid bones. The
internal cortical layer is continuous in one-half of the
skulls.

3.

The external cortical plate in the area of the synchondrosis
shows results of bony resorption and apposition concomitant

with premature synostosis and reattachment of muscles on its
surface.

The internal cortical plate does not show this

activity.

4.

In lateral view the nuchal plane rotated anteriorly around
inion, as a center of rotation, producing a forward displace

ment of the occipital condyles (Figs. 8-13, 16, and 17).
5.

6.

In basal view foramen magnum flattened and moved anteriorly
so that one can see more directly into the cranial cavity
(Figs. 18 and 19).

The auditory bullae crowded forward, in some skulls completely
obliterating the petro-tympanic fissure.

Tracings of lateral cephalometric radiographs of experimental

skulls were superimposed on tracings of control skulls (Figs. 8-13).

If

the tracings are superimposed on the nuchal plane and registered on the
auditory bullae (Fig. 5) the experimental cranial outline from the

anterior part of the parietal bone forward drops below the control.
The anterior cranial base, nose, incisors, occlusal plane, and mandible

follow along as a unit. When the tracings are superimposed on a line

from inion to the tip of the nasal bones and registered on inion (Fig. 6)
the nuchal plane and the auditory bullae rotate forward with a point of
rotation at inion. Superimpositioning on the cranial base (Fig. 7) shows
the experimental nuchal plane rotating posteriorly with the occipital

condyles as the point of rotation. To note changes that would affect
the animal it would seem necessary to superimpose on the nuchal plane

because the occipital condyles represent the point of articulation
between the axial skeleton and the head.

In effect, then, the circum

stance of this study would cause the complete head forward of the
auditory bullae to drop down in relation to the axial skeleton.
The linear and angular measurements which make up Tables I and II

(Figs. 1-4) are, in the majority, points found by Dubrul and Laskin
(1961) in rats. A few additional landmarks were measured to relate the
study more to the dental mechanism.
All linear distances were measured to the nearest estimated

tenth of a millimeter by transferring sharply pointed dividers to a
millimeter rule.

The first three length measurements in Table I

(Fig. 1 and 2) were made directly on the skulls and the curvature of the
cranial roof was taken from the radiograph.

The spheno-occipital synchondrosis could not be used as a land
mark in the analysis because of obliteration in the experimental animals.
The distance from basion to the inter-sphenoidal synchondrosis was from

16.0 to 17.5 mm in the experimental skulls and from 14.0 to 15.5 mm in
the control skulls. Thus, the cranial base was definitely shortened by

stapling the spheno-occipital synchondrosis.

There was no significant difference between the two groups of
skulls in the distance from the nasal tip to inion.

Dubrul and Laskin

(1961) explain this by stating that probably the remaining cartilage
sites grow more rapidly to compensate for loss of the spheno-occipital

synchondrosis. Nasal tip to occipital condyle distances ranged from
54.0 to 56.0 mm in the experimental skulls and from 55.6 to 58 mm in the

control skulls. The shorter experimental distance from the nasal tip
to the occipital condyle is reflected in the longer "difference" figures
which range from 4.7 to 6.4 mm in the experimental skulls and from 3.4
to 5.2 in the control skulls.

These figures coincide with the anterior

rotation of the nuchal plane on inion which was observed on the superimposition of lateral cephalometric tracings.

The curvature of the cranial roof (Fig. 1) was taken from the

radiographs as the distance from a line through inion and nasal tip to
the highest point of the cranial roof. These figures do not show as
great a change from the control to the experimental animals as did

Dubrul's (1961) figures concerning this measurement. However, the
greatest change in this respect noted in his study occurred before six

weeks of age at which time it leveled out. Apparently, the curvature of
the cranial roof in the animals of this study, which are 10 weeks old,
has already begun to level off.

All of the angular skull measurements in Table II (Fig. 4),
except the last one, were taken from the cephalometric tracings. The
auditory bullae with the sagittal plane of the skull were measured

directly in the basal view on the skull.

The long axis of the skull on

a lateral radiograph is defined as a line through the external acoustic

meatus anteriorly through the most inferior point of the maxillo-

premaxillary suture. No significant difference was found between
experimental and control skulls in the angle the cranial base forms
with the long axis of the skull. Apparently, the cranium in front of
the auditory bullae behaves as a unit in this study. It would be ex

pected then that the number^of rotational,degrees between J;he cranial
base and the nuchal plane would correlate with the angle formed between

the nuchal plane and the long axis of the skull. The two sets of

figures do correlate very closely. The internal cranial base-nuchal
plane angle was recorded as positive if it was greater than 90 degrees
and negative if it was smaller than 90 degrees. These figures correlate
well with the figures for the nuchal plane—nasal tip to inion angle.
Evidence exists that the occlusal plane has changed direction

slightly in its relation to a line from the nasal tip to inion and to
the long axis of the skull. The angle is the same or smaller in all

experimental skulls (except 3RE) and it is the same or larger in all
control skulls (except SRC). It would appear from these data that

premature synostosis of the spheno-occipital synchondrosis has caused
a rotation of the anterior part of the occlusal plane in an upward
direction.

Compressive and tensile forces were placed on cranial vault
sutures (Hinrichsen and Storey, 1968) producing a local effect, but no

changes were observed elsewhere in the skull. Extirpation of the
frontonasal and palatine sutures produced only local results; however,

removal of the septovomeral region, the mandibular condyle (sarnat,

1963), and the spheno-occipital synchondrosis (Dubrul and Laskin, 1961)
have produced secondary and far reaching changes in other parts of the

skull. Premature synostosis as a result of stapling the junction

similarly affects the growth pattern changing the final form of various
skull parts.

CHAPTER V

SUMMARY AND CONCLUSIONS

The spheno-occipital synchondrosis of the guinea pig was stapled
at the age of two weeks and effected a premature fusion of the basi-

occipital and basi~sphenoid bones• The animals were sacrificed at 10
weeks and the experimental and control animals were compared.
Differences were observed and measured on the gross skulls and
observations were made and measurements were taken on lateral cephalo-

metric radiographs. Tracings of these radiographs were superimposed to
note further changes which had occurred in the experimental animals.
Notable results observed wherein the morphology of the experi
mental skulls differ from the control skulls were:

1. Absence of cartilage in the external portion of the sphenooccipital synchondrosis; the synchondrosis had fused
externally in all of the skulls and internally in one-half
of the skulls.

2. The nuchal plane rotated anteriorly around inion as the
center of rotation.

If the nuchal plane is considered as a

stable base, then the entire head forward of the auditory
bullae dropped down in relation to the axial skeleton.
3. The cranial base was markedly shortened; however, it did not
change its relation to the long axis of the skull.

4. The occlusal plane appeared to rotate up anteriorly in the
experimental animals.

This study supports the theory that areas of cartilaginous growth
are primary and important growth sites.
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